EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Production and destruction of CFx radicals in radio-frequency
fluorocarbon plasmas

Citation for published version (APA):

Haverlag, M., Stoffels, W. W., Stoffels - Adamowicz, E., Kroesen, G. M. W., & Hoog, de, F. J. (1996). Production
and destruction of CFx radicals in radio-frequency fluorocarbon plasmas. Journal of Vacuum Science and
Technology A, 14(2), 384-390. https://doi.org/10.1116/1.580094

DOI:
10.1116/1.580094

Document status and date:
Published: 01/01/1996

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 07. Jul. 2024


https://doi.org/10.1116/1.580094
https://doi.org/10.1116/1.580094
https://research.tue.nl/en/publications/4f1a4e12-3f6f-4292-b952-a1e9b6b01bd0

Production and destruction of CF |, radicals in radio-frequency
fluorocarbon plasmas

M. Haverlag,® W. W. Stoffels, E. Stoffels, G. M. W. Kroesen, and F. J. de Hoog
Department of Physics, Eindhoven University of Technology, 5600 MB Eindhoven, The Netherlands

(Received 14 August 1995; accepted 2 December 11995

Spacially resolved densities of CF, £Fand CRK radicals in capacitively coupled 13.56 MHz
radio-frequency(rf) discharges in CFand CHFR were determined by means of infrared absorption
spectroscopy employing a tunable diode laser spectrometer. It was established that the stationary
CF, density and density profile in a ¢Blasma depend strongly on the electrode material. This is
attributed to different sticking coefficients of gbn different surfaces. Furthermore, it was found

that the densities of all GRadicals increase near the electrodes at high gas pressures and rf powers
in a CHFR; plasma. This leads to the conclusion that production of @Bicals takes place in the
sheath region close to the electrodes. It is proposed that collisions between ions and source gas
molecules are responsible for this production of,G&dicals. In the presence of a destruction
process in the plasma glo(e.g., by three-body recombination with other radigalsd the absence

of a fast surface loss process this results in the observed increase, ofie@Bities near the
electrodes. In order to study the radical kinetics time dependent measurements were performed
during power modulation of the plasma. It was found that the decay time of thel€isity in the
afterglow of a Ck plasma is much shorter than the corresponding decay time in a
CHR;discharge. This suggests that the surface loss is relatively less important in the latter case, in
agreement with measurements of spatial density distributions. This is explained by the presence of
a(CFR), layer, which is readily deposited on the electrodes in a £diécharge, and by low sticking
probabilities of CF and Cfradicals on such a layer. @996 American Vacuum Society.

[. INTRODUCTION c? rf power density they found that the €RElensity in-
creases significantly close to the rf electrode. At the same
pressure, but applying 0.4 W/émf power density, this in-

widely used in the semiconductor industry fabricating small o455 disappears almost completely. These results were con-
structures in semiconductor substrates using dry etch prggmeq by measurements of Hansenal,® who studied the

cesses. Despite the fact that capacitively coupled rf pla3m6§patial distribution of CF using LIF in a 300 mTorr

find many applications, the detailed mechanisms that are rECF4/02/Ar (87.5/10.4/2.1 plasma with electrodes made of
sponsible for the production and destruction of the speciem, Cu, and SiQ. With Al and SiQ, electrodes the effect was
present in the plasma are not yet totally clear. The inﬂ”encﬁomparable to the one found by Booghal® With copper

of plasma—_wall mteractpns on the densities gnd Iflnetl_cs OLlectrodes the overall GHRlensity is significantly lower than
neutral radicals present in the plasma especially is still NOLith the other studied materials. Moreover, in this situation
well understood. In the last few years active spectroscopic[*he CF, density is about 50% lower at the e,Iectrodes than in

techniques have been applied, like laser induced quorescenﬁ?e plasma, indicating that enhanced surface loss gfdeF
(LIF)** and infrared absorption spectroscdpy,that can ., o when copper electrodes are used. Hareteal. pro-
yield quantitative data on densities of species with good Spaﬁosed that catalytic destruction of CBccurs on copper
tial and time resolution. Measurements employing these diélectrode§

agnostics show that in capacitively coupled rf plasmas in A similar increase in the GHdensity near the electrodes at
some fluorocarbon gases a large part of the source gas may

be converted into other stable fluorocarbon species and/orglher gas pressures was obsefVebly the authors of this

. . . " ﬁrticle using tunable diode laser infrared absorption spectros-
etching reaction products and that radical densities reacco in capacitively coupled rf plasmas in CHFC,Fs, and
typically a few percent of the total gas dengity. Py P y coup P 6

Booth et al! used LIF to measure the spatial distribution ;E2r?|26f|2 giﬁﬂ:’}'gfgﬂﬁg Sg?g?cgzn g;{ig:jegn '%?LZ?L:; i
of CF, in a CF, plasma with Al electrodes at several pres- 9 y y aep y

sures. At 50 mTorr pressure and 0.4 Wfarhpower density cals was suggeste_d as a possible mechanism in explaining
L the observed density increase near the electrodes. In order to
they found that the profile is more or less flat, except for

:}gst the validity of this hypothesis and establish which radical

Capacitively coupled radio-frequencyf) plasmas are

small region near the rf powered electrode where the densit ivle for the d ition. it to determi
decreases towards the electrode. At 500 mTorr and 0.9 responsible forthe deposition, 1L 1S necessary 1o determine
the spatial profile of all three GF(x=1,2,3 radicals and to

dpresent address: Philips Lighting B.V., Central Development Laboratories(,:heCI.( whether any of these ra.dlcals S.hOW.S a clear drOp. N
Lamps |, EEA-526, P.O. Box 80020, 5600 JM Eindhoven, The Nether.density towards the electrode in the situation where an in-

lands. crease in the CHdensity is observed. In this article measure-
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ments of CF, CFk, and Ck will be presented as a function of
the axial position in both CHFand CF plasmas. Moreover,

the kinetics of all three radicals after plasma extinction and
initiation are studied to obtain more information on the pro-
duction and loss processes, which result in the observed spa-
tial distributions of the radical densities.

flow = 5 scem

flow = 50 sccm

first derivative signal (A.U.)

[I. EXPERIMENT

The experimental setup and the measurement procedure
have been explained extensively in an earlier arfide,only 149.00 14926 149.52 14978 150.04 15030
a brief description will be given here. The experiments were Diode laser current (mA)
p(_erformed n a 1.3'56 MHz capacitively COUpI.ed rf Plasma 1G. 1. Absorption spectrum of the vibration—rotation transition of the CF
with a 12.4-cm-diam planar parallel-plate configuration alqc{undamenta\l band around 1298.42 ¢hin a 300 mTorr CHE plasma for
3 cm electrode separation. The plasma generator can be cofio values of the flow rate. Théll,,R(3.5 transition is split into two
trolled directly from the measurement computer to allow forcomponents due td -type doubling. It is clear that CF is not removed by
time-resolved measurements after plasma initiation or exdas flow.
tinction. The infrared beam of a Laser Photonics tunable di-
ode laser systefT DLS) enters and exits the reactor through
two BaF, windows. The beam is aligned parallel to the elec-0f the radical absorption spectra with those of stable mol-
trodes and a system of lenses reduces the beam diameter @rtlles like Cgkand GFg. We use the fact that stable mol-
focuses it in the center of the reactor to obtain a spatiagcules are removed by the gas fliwyhile the radical den-
resolution of about 1 mm. After passing the reactor the rasities are flow independent. Thus, by comparing the spectra
diation is focused onto a photovoltaic mercury cadmium telfor different gas flow rates the radical absorption lines can be
luride (MCT) detector. The wavelength of the laser beam isfound. CF is a diatomic molecule, so it shows only one ab-
modulated by modulating the current through the laser diodesorption band, with its origin locatétat 1286.1281 ci.
allowing for phase-sensitive detection by a lock-in amplifier. This is very close to the band origin of the CF; band,
Absorption spectra are obtained by varying the dc laser cudocated®'*at 1283.2 cm®. Therefore most of the strongest
rent. Good time resolution can be obtained when a highCF transitions are found in a region where strong, Gfes
modulation frequency is used and the time constant of th@re also present. However, we found two lines at 1298.284
lock-in amplifier is kept small. In our case values of 30 kHzand 1298.429 cm' that we attribute to théll3,R(3.5) and
and 1-10 ms are used, respectively. To correct for an§H1,2R(3.5) transitions of CF, respectively, and which are not
changes in window transmission, partial blocking of the laseclose to any CFlines. In Fig. 1 the first derivative spectrum
beam close to the electrodes, and laser intensity drift, thef the 2I1,,R(3.5) transition(split into two components as a
absolute laser intensity is measured after each spectrum. Thiesult of A-type doubling in a CHF; plasma is shown at two
is done by switching off the laser for a short time and meaflow settings. It is easy to distinguish the absorption lines of
suring the transient signal using an A/D converter. ThisCF, which are independent of flow from the Ofes which
yields the total intensity which is subsequently used to scaléisappear at high flow rates.
the measured absorption spectrum. In the axial scans, when In the detection of Cfsimilar problems are encountered.
the beam is situated less than 1.5 mm from the electrodehe CR v; band with its origin located at 1260.1619
some laser intensity fluctuation is observed, probably due t6ém™* overlaps strongfi? with both thev; bands of'’CF,
reflections on the surface itself. These measurement poingnd **CF, as well as thev; band of GF4 located around
have therefore been discarded. Measurements in the aftek250 cm®. However, aroundr=1269.05 cm' we have
glow and in the initiation phase of the plasma were perfound a Ck peak in the first derivative spectrum that is free
formed by a computer-controlled automatic procedure infrom any significant background of Gfer C,Fs. From a
which first a small part of the spectrum is determined withsimulation of the Ckv3 spectrum in this region based on its
the plasma on. Within this spectrum the center of the absorp-otational constant§ it was found that this peak in the first-
tion peak of interest is determined and the laser current is sélerivative spectrum consists of a superposition of a few
to the corresponding value. Then the plasma is switched offtrong lines in the Cfspectrum. In Fig. 2 the first derivative
for some time(typically 0.5—1 $ and reignited again. This signal in a 100 mTorr CHFplasma is shown again for two
procedure is repeated several times and the results are blogRlues of the flow rate. As in case of the CF spectrum, it is
averaged to improve the signal-to-noise ratio. easy to single out the GHines, because GHs also not lost
by gas flow. However, as it is a superposition of several
lines, the absolute GRElensity cannot be easily obtained.

[ll. IDENTIFICATION OF THE SPECTRA OF CF, CF,, Compared to CF and GE the measurement of GFab-
AND CF3 sorption is relatively easy. Although there is some minor

Identification of absorption lines of GFRadicals in fluoro-  overlap between the GFv; band (o=1114.4435 cm?)

carbon rf plasmas is a difficult task because of the overlagnd the GFg v5 band around 1115 cii, there are several

JVST A - Vacuum, Surfaces, and Films
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Fic. 2. Absorption spectrum of the, transition of the Ck radical around
1269.1 cm? in a 100 mTorr CHE plasma for two values of the flow rate.
Although there is a large contribution of ¢fansitions, one Cftransition
that is free from overlap with GFFcan be identified. It can be seen also that
CF; is not lost by gas flow.

lines of CR, available around 1096 cm which show no
overlap with the lines of any other specfes.

IV. RESULTS AND DISCUSSION
A. Spatial profiles of CF, CF ,, and CF; in CHF4

In Fig. 3 the relative CFdensities as a function of the
axial position in a CHE plasma at 300 mTorr are shown for
two values of the rf powef0.83 and 0.083 W/cA). The

386
150 —A | | | - i
[m}
xg® & A
120 - 8 ®
= O xé 808, o 30 A% g%
< EXQQQEEQQQQEéQ
T 090 - .
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060 O CFs .
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0.00 ' ' ‘
0.00 7.50 15.00 22.50 30.00

Axial position (mm)

Fic. 4. Measurement of the axial profile of the CF, ,CRnd CF density in
a 300 mTorr CHE plasma at 100 W rf power. The densities have been
scaled using their values at=15 mm.

the electrodes disappears completely, in agreement with the
LIF measurements of Boott al who found a similar be-
havior in CF; plasmas.

To investigate the production mechanism of,Ciear the
electrodes also the axial profiles of CF and;G&ve been
determined. Figure 4 shows the axial profiles of CF, CF
and CF for a 300 mTorr, 0.83 W/MCHF; plasma. It is clear
that for these conditions a significant increase in density for
all radicals is observed at both electrodes.

From the dependencies of the threg C&dicals it appears

axial profiles were scaled using the density values at 15 mnthat surface production of GFadicals takes place. The fact

It can be seen that at high rf power density the, @Ensity

that the same behavior is observed for all three radicals

increases considerably near the electrodes but is relativelyieans that the previously suggested mechaniaotording
constant over the glow region of the plasma. To make suréo which the production of CFnear the electrodes is caused
that this effect does not result from possible temperature graby chemical sputtering of €CF,),, layer that is continuously

dients in the plasma, the temperature of,(fbtained from  deposited on the electrodes by other radicals, cannot explain
the linewidth was determined as a function of the axial the observed profiles. Alternatively, in the same article it was

position!® It was established that the temperature in bothsuggested that ion—molecule reactions in the sheath could
CHF; and CR plasmas is, at most, several degrees abov@roduce radicals in the sheath regions close to the electrodes.

room temperature and does not depend on the axial positiom possible problem with this mechanism is that the fluxes of
At low rf power density the increase of the Céfensity near

CF, produced in the sheath region of a CHfasma(which
can be calculated from the observed,Gffadients and the
diffusion coefficient are more than an order of magnitude

2.00 | , I | higher than the ion fluxes that can be calculated from the ion
AA 100 watt densities at the sheath edge and the Bohm velocity:
S0 4 N neutral flux® ,q= D ,?Npag/ IX~3X107°m 2571, (1)
< A A [AY
E o DDDDéDﬁﬁégggg wgnmgwaé“éuegm ion flux:®in=Nion Vohn=3X 10°m 2 574, 2
g 100 = 10 watt 2] N
:'i, Here the diffusion coefficient of Gin CF,, determined by
S e L | Arai et al1® D,,4=0.02 nfs! was substituted and the ¢F
’ density gradient has been determined from Fig. 4. The ion
density was measured by Haverfagy, = 101’m~2 and the
0.00 ' ' ' ' ' Bohm velocityvgenm in an electronegative plasma is about

10

15

20

Axial position (mm)

25

30

Fic. 3. Spatial profile in the axial direction of the €Hensity in a 300
mTorr CHF; plasma for two values of the rf power. The rf powered elec-
trode and the grounded electrode are situated=& andz=30 mm, respec-
tively. The values were scaled using the densities=at5 mm. The density
increase near both electrodes disappears at low values of the rf power.
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300 m/s’

Equations(1) and (2) show that radical production by
recombining positive ions at the surface cannot account for
the observed phenomena. On the other hand, the positive
ions are the only active species in the sheath that can produce
large amounts of radicals. Therefore in a GHifasma at
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pressures around 300 mTorr we have to assume that eachion | 5,
that enters the sheath produces at least ten radicals there in
order to explain the observed radicals fluxes.

OO0  Alelectrodes

The fact that inelastic ion—molecule collisions do indeed = o
occur in the sheath has been shown by SnijkErgho mea- < GDDD o o
sured the energy spectra of several ions arriving at the rf and g 100 | AAAAAEAEEggmAmgeggggi o
grounded electrodes of a ¢plasma. Since in the ion energy = & Cu eloctrod o @AAA
spectra at higher pressures §0 mTor) the primary saddle 5 a Cuclectrodes

A
structures are completely absent and most of the ions reach

the electrodes with low energies, it can be concluded that the
ions must have undergone several inelastic collisions before  ¢.50 ' ' ' ' '
arriving at the electrodes. To illustrate how these collisions 0 5 o 15 20 25 30
. . . . Agxial position (mm)

could result in radical production, the following set of reac-
tions (along with the energy differences between the situaFic. 5. Axial profile of the Ck density in a 300 mTorr Cfplasma and 100
tions after and before the reacti()rirsgiven as an example of W rf power in aluminum and copper electrodes. The characteristic increase

. . f - . of the Ck, density is not observed when copper electrodes are used.
possible sheath radical production in a,@Rsma:

CF; +CF,—CF'+2F (+8.08 eV), (3)

CF*+CF,—CF; +CF, (+0.3 eV), (4) Plasma conditions? Baggermanet al*® have shown that
most of the rf power in capacitively coupled rf plasmas is
CF; +CF,—CF, +CF;—CF, +F+CF;  (+6.2 eV), (5  dissipated by ions in the sheaths, while the measurements of
. Snijkers suggest that the energy of the ions reaching the elec-
CF'+CF—C"+CR,+F (+5.59 eV, (6)  {rodes is much lower than the plasma potential. If the ionic
C'+CF,—CF! +CF (—1.78 eV). (7) energies were to b_e dissipated. by elastic coIIisi.ons., this
would result in considerable heating of the gas, which is not
Here reaction$3) and(4) would produce CF, reaction(5)  observed in these plasmas. Therefore it is likely that most of
would produce CF, and reactiong3), (6), and (7) would  this power is put into the dissociation of radicals.
produce CF. Of course there are many other reactions pos- Note that the Ckradical flux from the surface, given by
sible that could end up in the production of radicals. Since aEq. (1) ®,,4=3% 10 m 2s ! corresponds to a volume pro-
the end of these sets of reactions the original ion is agaimluction rate of @ ,qA /Vy=5X107 m3s %, whereA,
obtained, the reaction chain could in principle be repeatedndV , denote the electrode surface and the plasma volume,
several times, thus producing several radicals per incomingespectively. This is comparable to the volume production of
ion. Similar reactions can occur in a CklBlasma. From CF,by electron impact dissociatidf: kngn,= 5x10°
reactions(3)—(7) it can be seen that the energy needed ta10') (10?%) m 3s '=5x10?* m 3s™ . This can explain the
produce CE or CF;is 6—8 eV. Since the ions in principle flatness of the axial profile in the glow region, indicating that
can gain a potential energy given by the sheath voltagén the glow there is an equilibrium between the gas phase
(>100 V), this means that each ion can yield up to 20—30production and gas phase loss. The latter may take place by
radicals, which is more than enough to explain the increasethree-body recombination with, e.g., F radicHls.
radical production in the sheath and consequently the obé D q £ orofil he el q il
served density profiles. The fact that the increase of the radi- ependence of profiles on the electrode materia
cal density near the electrodes almost disappears at low rf In Fig. 4 the axial CF profile is given for the case of a
power (see Fig. 3 can then be explained by the fact that the CF, plasma, but now using different electrode materials. In
sheath voltage decreases with decreasing power and thei@F, plasmas the absolute densities of ,Gife about six to
fore less radicals are produced per ion at low power levelseight times lower as compared with CkHplasmas at the
A problem with the proposed mechanism is that there arsame conditions. Since in a ¢kplasma no polymer-like
no cross sections available for reactions I8&—(7) which  layer is deposited on the electrod@s happens in a CHF
makes it impossible to check whether the cross sections complasma at this pressurehe electrodes stay cleZrf'and the
cerned are high enough to explain our observationselectrode material may have an influence. In Fig. 5 it can be
Snijkers® gives values of 107*-10"*® m? depending on seen that the characteristic increase close to the electrodes
whether the ion and neutral in the charge exchange collisiodoes not happen with copper electrodes. Instead, a significant
are of the same species or not. It is therefore difficult to finddecrease is observed close to the electrodes. Moreover, the
out which ion—molecule reactions actually could be theoverall Ck, densities are about 50% with copper electrodes
cause of radical production in the sheath. Nevertheless, theges compared to Al electrodes. These results agree very well
are still many indications that inelastic collisions are thewith the findings of Hanseet al3
dominant mechanism of energy dissipation for ions in the It is clear that the presence of copper electrodes induces a
sheath. Recent measurements have shown that the transtiecrease of the Glgensity near the electrodes, whereas the
tional temperatures of all species in the plasma are constadensity profile in presence of aluminum electrodes is compa-
over the volume and are close to room temperature for altable to the profiles found in a CHplasma. This indicates

4
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Fic. 6. Axial profiles of CF in a CHEplasma at 50 mTorr, one with clean FiG. 7. Measurement of the relative density of G5 a function of time in
electrodes and one after depositing a thi€i,),, layer on the electrodes & modulated CHEplasma at 300 mTorr gas pressure and 100 W rf power. It

using a high pressure CHfplasma. The rf power is 100 W in both cases. ¢an be seen that the buildup of the [fensity during plasma initiation is
much faster than the loss in the afterglow of the plasma. This suggests that

during plasma operation gas phase loss of @lRys an important role.

that copper electrodes are a large sink of, @Gielicals. Most
likely radicals are also destroyed at the aluminum electrode
but the reaction probability must be lower. This can be evi
denced by comparing the absolute radical densities in g
plasma using clean aluminum electrodes and electrodes co

S
CF, are about one order of magnitude faster in, @6 com-
ared to CHE. In a CF, plasma the time scales for the
uildup and decay of the GRElensity are comparable. To get
ered with(CF,),, . Figure 6 shows the CF density profiles in an idea of the buildup and decay rates the data have been fit
xn using a first-order exponential. The results are given in Figs.

a CHF; plasma at 50 mTorr for both cases. For this low . . ;
pressure the profiles are flat, which can be attributed to er and 10. It can be seen in these figures that in giil&sma

hanced diffusion and reduced gas phase losses. It can be ségﬁ time constants increase as a function of pressure, whereas

that the absolute CF density in the presence of a clean elelll CHRy pla_smas the time constants appear to be more or less
constant with pressure.

trode is only about half the density as that obtained with
! y . i ! W The fact that the buildup of GFafter the ignition of a

covered electrodes. From these data we can conclude th : .
85-|F3 plasma is much faster than the loss in the afterglow

there is always a surface loss of radicals, the reaction prob* s that duri | tion the | te ofCF
ability being dependent on the wall material. This indicates>U99€stS that during plasma operation the 1oss rate 9

that diffusion loss to the electrodes can play a major role ir§ignificantly higher than in the afterglow. This confirms the

the loss processes of @Fadicals. This is not necessarily in cpnclu;ion, following from the hollow radical density pro-
contradiction with the fact that an increase is observed in thgzIIes (Fig. 4), that gas phase loss processes are responsible for

CF, density near the aluminum rf electrode. The productiona large part of the total loss of GFMoreover, in a CHE

of CF, takes place in the sheath region, as described in Seg)_lasma thel fa?t that tPe d?cay fand bwldupgtlme .co.nstants
IV A and a decrease of the GHlensity very close to the decreasef}s %\{\]ﬁfy as 6} unctlorr: 0 Ipressda 9. )ba%?lndln-
electrodes can be observed. Such a decréase5 mm icates that diffusion loss to the electrodes probably does not

above the electrodehas indeed been reported by Booth play an important role. Since in a Chifflasma at higher
et all A similar decrease very close to the electrode can also
happen in a CHE plasma, where a polymer-like layer is
deposited on the electrodes. However, the sticking probabil-
ity of CF, on such a layer is lo®? so surface losses are
expected to be less important than in a,@Rsma.

C. Densities of CF , radicals in pulsed fluorocarbon
plasmas

CF,, density (A.U.)

In Figs. 7 and 8 measurements are shown of the CF
density in pulsed CHfrand CF plasmas. It can be seen in
Fig. 7 that the buildup of CFdensity during the initiation
phase of a CHf-plasma takes place on a much faster time
scale than the decay in the afterglow. If {6 produced by ) T Time)
electrons or other charged species, the production should be
more or less instantaneous, since the densities of chargée. 8. Measurement of the relative density as a function of time in a
Species stabilize within a few tens of microsecortEhere- quulated CEkplasma at 300 mTorr gas pressure and 100 W rf power. Both

. . .. . buildup and decay are much faster in JG#5 compared to CHfplasmas.
fore the b_U"dUp time constant is In ff_iCt the time constant folyoreover, the buildup time constant is in the same order as the decay time
CF,; loss in the plasma. Both the buildup and decay rates ofonstant.

J. Vac. Sci. Technol. A, Vol. 14, No. 2, Mar/Apr 1996
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150 | 1 | | (using a Cl plasma before a low pressure CHplasma is
5 Decay started. With a clean electrode the CF density is lower, as
o shown in Fig. 5. The buildup rate for CF was found to be
E 00 - o o | equal to the value found for GEnd it is six to eight times
E faster than the CF loss rate. However, this rate is still almost
‘g an order of magnitude slower than the decay rate found by
E A Booth et al! This is most likely due to a lower sticking co-
g Or A a A 7 efficient of CF on(CF,),-covered surfaces as compared to
Buildup on clean aluminum surfaces, as was observed far. CF
0 | | | |
0 100 200 300 400 500 V. CONCLUSIONS

Pressure (mTorr)

. _ Infrared absorption measurements using a tunable diode
Fic. 9. The buildup and decay rates of JR a CHF; plasma as a function . .
of the gas pressure. Both buildup and decay appear to be faster at high@Ser spectrometer were performed to yield space and time
pressures in CHF resolved densities of CF, GF and Ck in rf plasmas of
CF, and CHF at 13.56 MHz. Axial density profiles indicate
that radicals are produced in the sheath region. Since all
pressures the electrodes are covered Wik, ), material, CF, radicals show enhanced densities in the sheath, chemical
this confirms that the sticking probability of GBn these sputtering is ruled out as a possible production mechanism
surfaces is low. This has been established by Giiagl?®>  for radicals at the surface. It is proposed that ion—molecule
who found the self-sticking coefficient of GFto be reactions in the sheath produce these radicals. There is very
1073-104 little surface loss of the CF and GFadicals if the electrodes
In a CF, plasma the buildup and loss rate are comparablere covered by éCF,), layer, e.g., in a high pressufe-300
(Fig. 10. This suggests that in GPplasmas the loss rate of mTorr) CHF; discharge. In the presence of clean metallic
CF, in the plasma is probably not much higher than in theelectrodes, e.g., in a Gplasma, there is significant surface
afterglow. Furthermore, in GFplasmas the time constants loss of radicals. For aluminum electrodes this results in a
increase more or less linearly as a function of the gas preseduced radical density and a shorter decay time in the
sure. This confirms the conclusion in Sec. IV B, that, in presplasma afterglow. For copper electrodes surface loss be-
ence of clean electrodes, diffusion loss of,GE the elec- comes dominant, which results in a depletion of the radical
trodes is an important contribution to the total loss rate.  densities near the electrodes.
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